Aimed at high resolution, an asymmetric point spread function has been obtained with good and bad sides by introducing three level asymmetric pupil functions. The good side has decreased side lobes while the bad side has increased side lobes. The asymmetry has been found to increase with the width of the edge strips within the slit aperture. On the other hand, there does not appear dependence of the asymmetry of the point spread function on the degree of amplitude apodization. But the magnitude of reduction of optical side-lobes is found to increase to a great extent by the amplitude apodization.
Introduction
Apodization is the deliberate modication of the transmittance function of an optical system such that the system impulse response does not show ringing. This denition is now broadened to include any method that changes the performance of an optical system by modifying its transmittance [1] . There has been a considerable amount of studies involving apodization for various purposes viz. improvement of encircled energy [2] , two--point resolution of the optical system [3] , to reduce the amount of ringing present in the resulting instrumental line shape (ILS) [4] , reduction of edge-ringing and edge--shifting with coherent illumination [5] , reduction of the eects of aberrations [6] , etc. An excellent review on the subject of apodization was presented by Jacquinoh and Roizen-Dossier [7] as early as 1964. A more or less complete account of the progress made so far in the area of apodization can be found in the work of Mills and Thompson [1] .
In all the studies mentioned above, the point spread function was perfectly symmetrical in respect of positions of the minima, positions and peak intensity values of various maxima etc. In 1991 Cheng and Siu [8] employed asymmetric apodization and succeeded in obtaining the so-called good side with very low side-lobes and sharp central peaks and the so-called bad side with enhanced side-lobes and broader central peaks. It is obvious that the good side has been obtained at the cost of the bad side. In further continuation of their work [9] they obtained improved side-lobe suppression. Kowalczyk et al. * corresponding author; e-mail: mattakgoud@osmania.ac.in, mattakgoud@hotmail.com [10] used this technique to achieve axial and lateral superresolution in confocal scanning systems and Yang and
Kostinski [11] applied the same technique to detect the extrasolar planets. It has been proved that, for high--reectivity linearly chirped ber gratings, signicant improvements in the linearity of the grating dispersion can be achieved by employing asymmetric apodization technique [12] .
It is well known that through proper apodization in the exit pupil of an optical system, the point spread function
(PSF) at focal plane may be shaped into a desired form giving rise to superresolution over a conned region of the eld of the instrument. This is the basis for our investigation. We were further motivated by the work of Cheng and Siu [8] , who introduced the concept of asymmetric apodization for enhancing the resolving power of an optical system. Based on the deeper look into the mechanism of apodization, we have found that asymmetric apodization could result in better characteristics, because it has stronger suppression eect on side lobes along with narrowing central peak. In addition, the work reported on asymmetric apodization suggested to us the idea of an amplitude apodization to introduce in a central region of an aperture. This led to consideration of complex pupil functions to perform asymmetric apodization to promote the side lobe suppression and narrowing central lobe simultaneously.
For the sake of simplicity, we begin with the one--dimensional case (slit pupil) and generalize to the two dimensions (circular pupil) in the next communication.
A slit aperture, which is mathematically simpler, is useful in relation to cylindrical optical elements. The study of slit images in optics has intrinsic analytical signicance and important practical applications. Slit functions or so-called Gate functions are important not only in op-
91 tics, but also in various other branches of science and engineering from various considerations. We get some advantages results if we employ a slit pupil function in confocal imaging systems for the imaging of line structures [13, 14] . As an example, the gradient of the image of a straightedge is sharper than in a traditional confocal microscope.
As an eective technique asymmetric apodization across the pupil plane yields signicant improvement in the focal plane energy distribution for imaging of a faint companion of a bright object. Thus, the study of asymmetric apodization has found many applications in di- 
Theory
Within the frame of scalar diraction theory, the amplitude impulse response of a one-dimensional optical imaging system is the Fourier transform of the pupil function and it can be written as
where u = k sin θ = 2π λ sin θ, x is the coordinate in the pupil plane, u is the reduced dimensionless diraction coordinate in the image plane, λ is the wavelength of an incident radiation and t(x) is the pupil function of the optical system.
Taking into account the requirement of obtaining improved side-lobe suppression and narrowing the central peak in part of the diraction pattern, we propose, for a one-dimensional pupil of unit width, the following phase and amplitude three-level pupil function t(x):
where β is known as the apodization parameter and de- In this case the amplitude distribution on the focal region is equal to the sum of the three components:
(i) the diraction eld amplitude contributing by a central zone of a slit aperture of width (1 − 2b):
(ii) the diraction eld amplitude contributing by the left edge strip
(iii) the diraction eld amplitude contributing by the right edge strip
Hence, the eld amplitude on the image plane can be written as
It means that the resultant complex amplitude distribution in the focal region is the sum of the diraction elds A 1 (u) and A 2 (u) contributing by the narrow edge slits with opposite transmittances −i and i and the eld A 0 (u)
by the central zone covered with an amplitude apodizer.
The intensity PSF I(u) which is the real measurable quantity can be obtained by taking the squared modulus of A(u). Thus,
3. Results and discussion
The results of investigations on the eects of asym- In our investigation it is also observed that the central peak is narrowing and enhancing on good side when b = 0.2 and β = 0.5. In addition to this the dark region is occurring very close to the diraction head and is extending from u = 1.6 to 3.2. This is accompanied by an increment of the side-lobes which is a usual eect of superresolver. These are depicted in Fig. 6 . Table I shows the intensity of rst side-lobe of the diraction pattern for dierent values of edge strip width b. These values are obtained for various amount of the apodization parameter β. It is clear from the observation that when β = 0 the intensity of rst side-lobe rst decreases and then increases with the edge strip width b.
As an example, when the central region is unapodized the side-lobe intensity reduces from 0.0471 to 0.0056 as Table I 
Conclusions
We may conclude that our work, aimed at enhancing the resolution, has been carried out by considering three- On the whole it can be emphasized that an additional improvement for resolution could be obtained by the use of complex pupil lters instead of phase only lters to perform asymmetric apodization. This would make the system fabrication little bit complicated but it could be a solution for cases in which a very high contrast or resolution is required. Further investigations are being carried out on this subject by considering some new parameter in addition to well dened parameters.
